Temperature dependence of the heat capacity of 1ayered rare earth molybdates was measured in the temperature range from 0.4 K to 23 K. It is shown that the temperature dependence of the 1attice heat capacity can be described by the "T", where n Ο 3. It is shown that differently from KDy(ΜoO4)2 and CsDyEu(MoO4)2 for CsDy(ΜoO4)2 and CsGd(MoO4)2 we obtained the temperature term with n < 3, which can be connected with the 2D behaviour, manifested also in the so-called membrane effect.
Introduction .
Layered dimolybdates with structural formula MR(MoO4)2 (M = Li, Na, K, Rb, Cs,... ; R = Ce, Pr, Nd,...) form an unique group of chain-layered structures showing a variety of specific properties, some of which gradually changing with the change of M resp. R elements. The layered structure of these crystals leads to the anharmonism of the lattice vibrations at low temperatures, what in connection with the dynamic instability of the lattice may give rise to a number of structural phase transitions. Some of these transitions are accompanied by changes in the Jahn-Teller mechanism of the onset of a structural phase transition. Phase transitions caused by the Jahn-Teller cooperative effect were observed e.g. in KDy(ΜoO4)2 [1] . CsDy(MoO4)2 [2] ,...with the consequence that these compounds were excluded from the MR(MoO4)2 group and their physical and chemical properties both above and below the phase transition temperature were investigated by various methods, while other materials from the same group often served for comparison purposes.
Recently, the interest to study this group of material was enhanced by the observation of the phase transition into a complex noncolinear magnetically ordered state with strong anisotropic interaction, taking place at temperatures around 1 K or even lower [4] .
Still 'another topic in the investigation of dimolybdates is the study of low-temperature peculiarities of the phonon spectrum, connected with the q u a s i -t w o -d i m e n s i o n a l i t y o f t h e s t r u c t u r e . I t i s k n o w n t h a t e v e n q u i t e s i m p l e a p p l i c a t i o n o f t h e Debye model on the conception on both one-dimensional (1D) and twodimensional (2D) crystals with linear dispersion law for acoustic branches of the phonon spec-. trum gives the following lattice contribution to the heat capacity at low temperatures
Theory of thermal properties of the chain-like and layered crystals was developed by I.M. Lifshits [5, 6] , whose calculations of 1D and 2D crystal heat capacity included the influence of vibrations with a nonlinear dispersion law and who derived the dispersion relations for the long-wave spectum part of the vibrations. of a chain-like or layered crystal as a whole. In addition to the theory of elasticity of strongly anisotropic crystals, this approximation takes into account also the transversal rigidity of the chains or layers, leading to a minus sign of the thermal expansion coefficient within the layers (the socalled membrane effect). These theoretical predictions were experimentally verified on crystals showing large anisotropy (graphit, boron nitride etc.). Complex crystals of the MR(MoO4)2 group with a great number of various atoms in a primitive cell show an anisotropy which is about one tenth of "that for graphit or boron nitride. However, in contradiction to this, on some MR(MoO4)2 compounds the negative coefficient of the thermal expansion in the layer planes was also observed [7] and this, together with the possibility to control the degree of anisotropy by changing the M and R elements, gives good reasons to study the manifestations of the structural low-dimensionality in the heat capacity and enables following considerations on the peculiarities of the phonon spectum to be made.
Samples and their structure
We inVestigated the low-temperature heat capacity on single crystals of layered dimolybdates CsDy(MoO 4 ) 2, KDy(MoO4)2, CsDy(MoO4) 2, and CsDy0.95Eu0.05(MoO4)2\, prepared by the fluX method. Cesium resp. potassium form with heavy rare earth elements dimolybdates with rhombic structure at room temperature (space group D32h). Primitive cell parameters for CsDy(MoO4)2 are Translation identical chains of the M resp. R polyhedrons are interconnected by . the ΜoO 4 tetrahedrons, whose two peaks link also adjacent polyhedrons within á single chain [8] . In CsDy(ΜoO4)2 the structural phase transition of the I-type with Jahn-Teller mechanism takes place at 42 K, while in KDy(MoO 4 ) 2 the stuctural phase transition of the II-type caused by the cooperative Jahn-Teller effect takes place at 14 K. Isomorphous replacement of Dy 3 + ions by the Eu3+ ions lowers the temperature of the structural phase transition of the I-type, which then disappears at a concentration of about 5.5% Eu. CsGd(MoO4) 2 shows no stuctural phase transition of the Jahn-Teller character. Some peculiarities are observed in the phonon spectra of these layered stuctures. Due to anisotropy of the mutual elastic couplings between layers resp. chains some elastic constant are low leading to low-frequency transversal acoustic modes; dispersion of the longitudinal acoustic mode is, however, very close to that of the three-dimensional crystal. Strong anisotropy of the thermal expansion coefficients α(T) in CsDy(MoO4)2, confirmed the existence of the weak inter-layer couplings and was an indication for the existence of the low-frequency phonon branches, really observed later. The ratio of the elastic modulus within layer to that measured between layers was estimated for CsDy(MoO4)2 to be close to 10. It was found that the Eu3+ addition in CsDy(MoO 4 )2 causes the decrease of the elastic modulus within the layer (chain), leading to the change in anisotropy of α(T) and to the disappearance of the minus sign at αb(Τ) (α is measured in the b axis direction). Because the ion radius of the alkaline metals at the M site increases with the increasing atomic number, the coupling between layers in the rhombic crystals MDy(MoO 4 )2 is increased with the increase of the alkaline metal ion radius. It can be therefore expected that the low-dimensionality of the stucture will be more pronounced in CsDy(MoO4)2 than in KDy(MoO4)2.
Experimental method
The heat capacity from 0.4 K to 23 K was measured by the method of quasiadiabatic calorimetry. The sample weight varied from 1.2 g to 2.5 g. Sample temperature was measured by Allen-Bradley carbon resistors, which were ground to plates 0.8 mm thin and ghued to the sample using Varnish GE 7031 to obtain a ' good thermal contact [9] .
ResuIts "
For the evaluation of the heat capacity data the following procedure was u8ed. Since the scheme of the electron energy levels of the magnetic ions i8 known from the EPR measurements, it was possible to calculate the Schottky contribution to the heat capacity CSH corresponding to the particular energy level scheme. In CsDy(MoO4)2 and CsDyΕu(MoO4)2 crystals with quite large separation between the first excited doublets and the ground doublet, the Schottky heat capacity is negligible in the investigated temperature range. For KDy(MoO4)2 and CsGd(MoO4)2 samples the Schottky contribution was subtracted from the total observed heat capacity [10, 11] . Then the temperature range was established, within which the mathematic separation of the lattice CL and magnetic CM contribution to the heat capacity could be done with minimum error. Because magnetic contribution to the heat capacity (independently from the origin of the interaction) at temperatures above the phase transition into the magnetically ordered states may be written as CM α Τ-2 and considering that the lattice contribution, in agreement with the Debye theory, is proportional to Τ 3 in the low-temperature limit, a temperature range may be found in the materials with the temperature ΤC (magnetic phase transition) well below Debye temperature 8, within which the heat capacity may be expressed as or, after rewriting, as where ,ß and b are temperature independent coefIicients. Temperature intervals (Tmin , Tmax), in which Eq. (2) is valid, were determined for all samples from linear parts of dependences (C -CsH)Τ2 vs. Τ5 (Table I ).
In the so-determined validity range the coefficients of both magnetic (b) and lattice (β) contributions were determined from the observed heat capacity, using the least square method. The value of ß was then put into the formula:
where n is the effective number of vibrating groups in a primitive cell, and so the effective values of the socalled Debye temperatures θ (see Table I ), characterizing the crystal bonding forces, were calculated.
The term bΤ-2 representing magnetic contribution was subtracted from the heat capacity (C -CSH) for T> Tmin and thus the resulting lattice contribution CL was further studied. However, above Tmax the formula: is no more a good fit for the experimentally observed CL(Τ) behaviour and the lattice contributions to the heat capacity should be written in the form:
where β' is a coefficient independent of temperature. The presence of Τn term in Eq. (4) for n ≠ 3 in CL may be observed in (C-CSH -CM)/T3 vs. Τ2 , where any deviation from the dependence (4) is detected as deviation from the straight line parallel to x (see Fig. 1 ). It may be shown that when the experimental heat capacity dependence deviates from the horizontal line n "up" direction, term with higher n (n > 3) will appear in CL, and vice versa, the "down" deviation corresponds to the presence of term with lower n (n < 3). As is seen from Fig. 1 , the investigated samples have no uniform form of CL(Τ) for Τ > Tmax. The CL(T) deviation in CsGd(MoO4 )2 and CsDy(MoO4)2 samples in the "down" direction indicates the presence of low-power temperature term n < 3. The "up" deviation of the heat capacity in the KDy(ΜoO4)2 and CsDy(MoO4)2 samples indicates the presence of Τn term with n >'3.
Discussion
Our results on CsGd(MoO4)2 and CsDy(MoO4)2 are in agreement with [6] , where the existence of the Τ2 term is expected for layered crystals, what was confirmed by the results of [12, 13] indicating low-dimensionality in CsDy(MoO4)2. In the other two samples the presence of higher Τn power (n > 3) indicates that the manifestations of the low-dimensionality will be weakened in these crystals, whose properties will then approach those found in 3D crystals. For KDy(MoO4)2 such a behaviour is supported by results of [13] , where the influence of the ion radii of alkaline metals M on the structural low-dimensionality were studied with the conclusion that with the increase of the ion radius, by going from K to Cs, the 2D behaviour of the material is "improved". Α very interesting results were obtained for CsDyEu(MoO4)2 , where the replacement of only 5 % of Dy3+ ions by the Eu3+ ions leads to a radical change in the crystal behaviour, "increasing" its dimensionality so that the properties of this "crystal decline from the properties of the pure CsDy(MoO4)2 and approach those of KDy(MoO4)2. This effect may be put in connection with the observations in [12] , that at such a concentration of Eu the structural phase transition of the -type is replaced by the phase transition of the II-type (similarly as in KDy(MoO4)2) and with [14] , where the change of magnetic properties was observed at the concentration of 5 % Eu3+. According to the authors of [14] , the observed change in the magnetic behaviour may be connected with the fact that the structural phase transition of the I-type is replaced by the phase transition of the II-type.
We can conclude that terms characteristic of the stuctural 2D systems were found in the .heat capacity of CsGd(ΜoO4)2 and CsDy(MoO4)2 samples, while the heat capacity of KDy(MoO4) 2 and CsDyΕu(MoO4 )2 shows indications typical for the stuctural 3D systems. It may be expected that in CsGd(MoO4)2 and CsDy(MoO4 ) 2 crystals the long-wave part of the phonon spectum would contain a quadratic dispersion law predicted by Lifshits and this may have an apparent influence also on the magnetic properties of the investigated samples.
